Introduction
at the core of more complex environmental fate models (e.g. Arnot et al., 2006; Cowan-Ellsberry 126 et al., 2009) . The LIII was also among the various models evaluated in the study of Fenner et al. 127 (2005) where it was found to compare favorably with other examined models. 128 In order to apply the LIII model, the user needs to specify (i) the environmental and climatic 129 characteristics of the study area, (ii) key physical-chemical properties and environmental half-130 lives of the chemical in question in all four compartments, and (iii) an emission rate (Mackay and 131 Paterson, 1991) . For a detailed account of the LIII model, we refer to the landmark textbook by 132 Mackay (2001) . 133 Assumptions and model input parameters 134 For a consistent estimation of PAHs LAs, it is desirable to use consistent physicalchemical 135 properties. Various publications report PAHs properties (e.g. Brubaker and Hites, 1998; 136 Paasivirta et al., 1999; Ma et al., 2010; Wang et al., 2013) , and several websites have publicly 137 available PAHs properties datasets. However none reports all the properties that are required by 138 the LIII model estimated for all PAHs. We have therefore used empirical physical-chemical 139 properties (internally consistently), supplemented with data on environmental half-lives, mostly 140 derived from the US-EPA EPI Suite software (EPIWIN Version. 4.1, 141 http://www.epa.gov/opptintr/exposure/pubs/episuitedl.htm). The properties used are summarized 142 in Table 2 . Water solubility, vapor pressure and log KOW values were taken from the 143 comprehensive analysis by Ma et al. (2010) It was further assumed that the exercise took place in Norway and as such the parameters 150 reflecting environmental and climatic conditions used by Katsoyiannis et al. (2013) were 151 selected. These model input parameters are shown in Table S1 (Supporting information).
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Otherwise, the default values supplied with the LIII model were used.
153
Finally, this exercise represents a simplified condition where we assume primary emissions of 154 individual PAHs occur to air only. This is done in order to evaluate the applicability of various 26.6 km, respectively. As mentioned, CTD denotes the distance over which the initial air 167 concentration of a chemical is reduced by ~63% and therefore, two chemicals which are emitted 168 at a constant ratio (e.g. 1:1) but have different CTDs, after their emission and environmental 169 transport, their concentrations could be much different than the initial 1:1. Consequently, 170 whenever CTDs are different for pairs of PAHs, their MDRs will also change with increasing 171 distances from a source. As PAHs are able to travel over long distances (Halsall et al., 2001) , 172 source apportionment based on MDRs for pairs of PAHs with divergent CTDs could therefore be 173 9 problematic. It is therefore important to further explore if differences in characteristic travel 174 distances for selected PAHs will impact MDRs to such an extent that interpretation of these ratios 175 could lead to flawed conclusions concerning the responsible sources. In the following paragraphs, The ratio ANT/(ANT+PHE) has been suggested as an indicator of petrogenic against pyrogenic 182 sources ( Table 1) . This ratio has been criticized in the past (Katsoyiannis et al., 2011; Alam et al., 183 2013) because of the fact that ANT is more reactive than PHE, and therefore their environmental 184 fate is much different. The ratio ANT/(ANT+PHE) is therefore anticipated to change 185 significantly with increasing distance from a given source. Figure 1a presents the trends for the 186 ANT/(ANT+PHE) ratio, calculated assuming an initial arbitrary MDR of 0.15. This value would 187 if measured in the field be attributed to emissions from combustion processes (pyrogenic), 188 according to the explanation given in Table 1 . It can be seen that if sampling takes place at a 189 distance of ~30 km (practically, within one big city), the same ratio will be <0.10, suggesting a 190 shift to a predominant influence by a petrogenic source. It is thus evident that comparing 191 differences in CTD between ANT and PHE may provide useful information on the merit and 192 limitations of the MDR as a function of distance from a given source. The BaA/(BaA+CHR) ratio is supposedly able to discriminate between the same sources as indicates combustion (pyrogenic emissions). It is assumed again that the initial arbitrary ratio of 198 concentrations falls into the pyrogenic area (0.40). From Figure 1b , it can be seen that the 199 BaA/(BaA+CHR) ratio is not changing significantly over distance, especially when compared to 200 the aforementioned ANT/(ANT+PHE) MDR. In fact, the initial ratio of 0.40 will continue being 201 >0.35 (cut off limit for Pyrogenic emissions) even after 1000 km, which means that the model 202 suggests this can be considered a robust MDR. However, this result is not surprising as some of 203 the key input data for these two PAHs are very similar and in some cases even identical, such as 204 the half-lives in air provided by EPIWIN (Table 2 ). In the present study, the calculations were all Table 3 , it becomes immediately 210 evident that also this MDR should be used with caution. Furthermore, this example also 211 illustrates that environmental and climatic conditions different to the conditions assumed herein 212 are expected to have an impact on the numerical results. The trend is presented in Figure 1c and it is seen that this ratio within less than 20 km has 220 increased to >0.40 and the interpretation has changed from petro-to pyrogenic sources (fuel 221 11 combustion). Moving further away from the source (30 km), the interpretation changes again 222 from fuel combustion to grass/coal and wood combustion. It is evident that if a monitoring 223 campaign is applied in a trajectory in the same direction as the prevalent wind (e.g during one 224 sampling period), it is possible that all samples will capture PAHs emitted from the same sources, 225 though, source identification based on MDRs for air samples collected at various distances from 226 the source will provide all three different explanations. The IPY/(IPY+BPE) ratio is said to offer similar interpretations to FLT/(FLT+PYR). Its trends 230 are presented in Figure 1d , assuming an initial ratio of 0.15. It can be seen that the 231 IPY/(IPY+BPE) ratio is also changing over distance, however at a lower rate than 232 (FLT/FLT+PYR). Again, any inferences about the source on the basis of the calculated 233 IPY/(IPY+BPE) ratios are increasingly at risk of making mistakes as the distance from the 234 primary source increases because of differences in the CTD between the two species considered 235 (Table 3) . 236 From Table 1 , one will see that these four MDRs so far discussed can be used to differentiate 237 between petrogenic or pyrogenic sources with the higher values (of all four MDRs) being 238 associated with pyrogenic sources. From our modeling results, it can be seen that as the distance 239 from the source increases (Figures 1a-d Table 1 ). The MDR trends are shown in Figure 1e . Assuming an initial 252 value of 0.50 (non-traffic) it can be seen from this example that the MDR will exceed 0.60 (non-253 traffic) within a distance of 20 km.
255
Halving and doubling distances 256 In the examples discussed earlier (Figure 1) , the initial MDRs at zero distance from the source 257 were all arbitrarily selected. It follows that it is impossible to assess their relative merit and 258 limitations without standardization with respect to the initial conditions. In an attempt to evaluate 259 the individual MDRs' applicability domain against each other, we are therefore introducing the 260 "halving distance" (D1/2), and the "doubling distance" (D2). The former is the distance until the 261 initial MDR at zero distance, defined to start at the relevant threshold (e.g. 0.10 in the case of 262 ANT/(ANT+PHE)), is halved and applies to MDRs with declining trends. Similarly, the latter is 263 the distance at which the MDR values are doubled, and is applied to MDRs with increasing 264 trends. The calculated distances are presented in Table 4 . It can be seen that within of about 40 100 km should be considered as very short (regional) knowing that PAHs are detected in air in 269 13 very remote areas, far from major source regions (Becker et al., 2006) . Nevertheless, based on the 270 model calculations it is evident that the shorter the halving (or doubling) distance, the higher the 271 risk of misinterpreting the actual source. Yet, we caution that these distances (Table 4) to produce continuously changing MDRs during atmospheric transport away from a given source.
279
The approach used in the present study is theoretical and includes various simplifying In the present analysis, this particular result is confirmed by the short doubling distance for this 314 MDR (Table 4) as further rationalized by differences in CTDs as presented in Table 3 . The results of this modeling exercise are greatly dependent on the selection of input data used for 318 these calculations and in particular whether there are significant different in properties for pairs 319 of related PAHs or not (i.e. physical-chemical properties and half-lives). To further evaluate our 320 results, the MDRs were calculated again as a function of distance, using the LDVs from the study 321 of Ma et al. (2010) , instead of the FAVs. The results of the sensitivity analysis showed that the 322 calculated CTDs (Table 3) only MDR for which differences are observed for the two datasets is the BaP/BPE. As can be 330 seen in Table 4 , the difference in the D2 values is quite significant, being 87 and 55 km for the It may be reasonably anticipated that similar results will be obtained even for other pairs of 
